Examining three frailty conceptualizations in their ability to predict negative outcomes for home-care clients SIR-Although being recognized as an important issue for public health researchers [1] and for clinicians [2] , the concept of frailty remains controversial [3] . Albeit some definitions of frailty have received considerable attention and support [4] , there is still no broad consensus on the definition of frailty and how it should be measured [5] [6] [7] . One way to compare the utility of alternative operationalisations of frailty is to test their relative ability to predict negative outcomes. Prior studies have compared the predictive ability of various measures of frailty in community samples of older persons [8, 9] ; fewer studies have compared frailty measures in older persons within a healthcare setting.
Home health services are an increasingly important component of the health-care system [10] . We chose to compare three common conceptualisations of frailty in a large sample of older home-care clients in Ontario, Canada. Given that home-care services play a critical role in managing the transition between community and institutional living for older individuals [10] , the ability to identify the most at-risk frail individuals in this population is important. A frailty measure that was strongly predictive of poor outcomes among home-care clients could be used to target individuals for preventive or supportive interventions.
Methods
For these analyses, we made use of a large database (n = 23,952) with comprehensive health information on home care clients (aged 65+) of eight Community Care Access Centres (CCACs) in Ontario, Canada. CCACs coordinate access to home-care services and long-term care placement in the province.
Data were collected using the RAI-HC (sometimes referred to as MDS-HC [11, 12] ), an assessment that has been mandated in Ontario since 2002 for all home-care clients expected to use services for longer than 60 days. The RAI-HC is one of a family of assessment tools developed by the international inter-RAI consortium [13] . The data entry software that collected the assessment information has checks at input, which constrains item responses as non-missing, within appropriate ranges, and with logical checks.
Frailty measures
For our comparison, we were interested in three conceptually different approaches to the measurement of frailty that could be operationalised using RAI-HC data. The first measure of frailty included is the Changes in Health, End-Stage Disease and Signs and Symptoms (CHESS) scale. This measure utilises client assessment information in its calculation and is designed to identify individuals at risk of serious decline [13] . The CHESS scale was developed using statistical methods, based on items available in the interRAI instruments. Although not explicitly a frailty measure, it is described as a measure of health 'instability'-an analogous concept-and to be predictive of mortality. The scores ranging from 0 (meaning no instability) to 5 (for the highest level of instability) have been demonstrated to be a strong predictor of mortality (P < 0.0001) in continuing care patients [13] . The second measure examined is the Edmonton Frail Scale (EFS), a brief multidimensional clinical measure designed for geriatricians in both inpatient and outpatient settings [14] . With the maximum score of 17 representing the highest level of frailty, the EFS is constructed of items from the following domains: cognition, general health status, functional independence, social support, medication use, nutrition, mood, continence and functional performance. In post-operative older adults, high scores on the EFS has been shown to be associated with increased complications and a lower chance of being discharged home after surgery [15] . To operationalise the EFS, items were selected from the RAI-HC that were comparable to the items found in the EFS. The complete list of corresponding items can be seen in Supplementary data available in Age and Ageing online.
The third frailty measure is a frailty index (FI) developed by Rockwood and Mitnitski [16] based on an 'accumulation of deficits' approach. The FI is based on the view that frailty is a non-specific multifactorial state that is better characterised by the quantity, rather than the quality, of health deficits that an individual accumulates during the life course [16] . The FI is calculated as the proportion of potential deficits that are present in a given individual and can be calculated in most ageing databases [17] . An FI was constructed in the RAI-HC data using procedures outlined in Searle et al. [17] (see Supplementary data available in Age and Ageing online).
Analyses
Outcomes were dichotomised into adverse outcomes (institutionalisation or death) or favourable outcomes (discontinuation of services) for all discharged from the home-care services. For each measure, clients with the lowest 60% of the scores comprised the low grouping (Least Frail Grouping), the middle 25% comprised the mid-range grouping (Medium Grouping) and the highest 15% of the scores were positioned into the high grouping (Most Frail Grouping). The Cox proportional hazards analyses were performed with each measure to determine how well each one predicted time to event (adverse outcome) for the homecare clients. Each model controlled for age and gender.
Statistical analyses were carried out using SAS version 9.1.3 [18] .
Results
Sample characteristics are presented in Supplementary data available in Age and Ageing online. Within 1 year of the assessment, 19% of the home-care clients were institutionalised and 7% were deceased.
The FI and the EFS were moderately correlated with each other within the home-care data set (r = 0.61). The correlations between CHESS and the other measures were low (EFS, r = 0.39; FI, r = 0.35).
For each of the frailty measures, the frailest clients had a higher proportion of individuals with psychotropic drug use, antidepressant drug use, recent weight loss, a dementia diagnosis, morbid obesity and unsteady gait. The frailest clients were more likely to be male and a significant difference between chronological age was only found between the FI groupings. These results can be found in Table 1 .
When examining the time to adverse outcome, the Cox proportional hazards analyses indicated that each of the frailty measures significantly predicted time to adverse outcome. By comparing those in the frailest grouping of each measure with those in the least frail grouping, individuals had hazard ratios well over 1.00 (CHESS HR = 2.32; EFS HR = 2.49; FI HR = 1.93). Being female was protective and increasing age was detrimental. The Cox proportional hazards model results are found in Table 2 .
Discussion
In this large cohort of older home-care clients, we found that greater evidence of frailty as defined by each of the three measures was associated with greater risk of adverse outcomes. This result, additionally confirmed in logistic regression analyses, demonstrates the potential utility of a frailty concept for identifying vulnerable individuals within the home health-care sector. We believe that the results of this study provide additional evidence for the validity of all three approaches as measures of frailty. The CHESS was initially proposed as a measure of health instability that was predictive of mortality-in this study, its ability to predict negative outcomes was comparable to that of the EFS and FI that were more explicitly intended as measures of frailty. There is potential for the EFS to be utilised as a brief clinical instrument that can be completed by non-specialists to measure frailty in older adults. Also, mathematical models, such as the FI, can utilise data collected during clinical assessments to provide a quantitative indicator of a client's level of frailty. Despite these results, our modelling of adverse outcomes predicted by age, gender and frailty measures demonstrated that each frailty measure performed at approximately the same level with large amounts of unexplained variance remaining in each model. Additional conceptual and empirical work in home-care settings might improve the performance of these measures. All three of the frailty conceptualisations take a primarily biomedical approach and address characteristics pertaining directly to the individual. However, in order to remain in the community, older individuals also rely on aspects in their social (e.g. caregivers) and physical (e.g. quality of housing) environment [19] . Therefore, for home-care clients, adjusting the frailty measures to reflect more of a biopsychosocial or integrative [7] approach may improve their utility.
The maximum score achieved on the FI (0.66) corresponds with the previous work performed on limits of the FI. Rockwood and Mitnitski [20] , in evaluating the limits to a FI, found that, for 33,069 individuals aged 65+, the maximum score that could be achieved was 0.65 ± 0.05. Our data reinforce their earlier findings that a limit may exist in the accumulation of deficits where higher levels of frailty are unsustainable.
Research by Markle-Reid et al. [21] has demonstrated that proactive care with home-care services resulted in better health outcomes (reduced depression, better mental health functioning, enhanced perception of social support) at no additional costs from a societal perspective. The ability to identify individuals who are currently receiving care within the community and at most risk of adverse outcomes would be extremely useful in targeting home-care clients for such interventions.
Key points
• Greater evidence of frailty as defined by each of the three measures was associated with a greater risk of adverse outcomes.
• For home-care clients, adjusting the frailty measures to reflect more of a biopsychosocial or integrative approach may improve their utility.
• The ability to identify individuals at most risk of adverse outcomes would be useful in targeting interventions towards unstable home-care clients.
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